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SUMMARY

A study was carried out of the influence of periodic overheats of
2-minute duration to temperatures of 1,6500, l,&)OO, 1,900°, and 2,000° F
on the creep-ruptureproperties of M-252 alloy at l,nOO F. The con-
ditions of the experiments had been selected to provide basic information
applicable to estimation of the effects of overheating on creep-rupture
performance of gas-turbine parts. The overheats were conducted both with
the stress removed during overheating and with stress present.

.!D Overheating M-252 alloy to l,gOOO or 2,0000 F in the absence of stress
did not reduce creep-rupture life at l,~” F but actually increased it.
For overheating to these temperatures to reduce rupture life, a stress

* sufficient to use up a significant amount of the rupture life must be
present during the overheats. Overheating to 1,6500 and l,~Oo F with
the stress removed during the overheats reduced rupture life at 1,500° F
although this was not found to be true in the presence of stress.

The increase in rupture life of M-252 alloy from overheating was
considered to be the result of structural changes induced by the higher
temperatures. This behatior was in contrast with the results of previous
studies of S-816 and HS-31 alloys where the high-temperature effect
always reduced rupture life. Summing the effects of temperature and the
percentage of rupture life used up during the overheats when stress was
present gave close approximations of the actual rupture times in most
cases for tests In which stress was present during the overheats. While
the stress damage can be estimated from rupture data, there does not
appear to be any way to estimate the temperature effects other than by
conducting tests.

Overheating prior to testing does not give the same effect as the
same accumulated time from periodic brief overheats during a test. In
M-252 alloy such prior heatkg to any of the
reduced rupture strength at 1,500° F.

In M-252 alloy a

-4
on creep-rupture life

few periodic overheats
at 1,500° F other than

temperatures‘considered

had no significant effect
to accelerate slightly the
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accumulation of small amounts of total defo-tion. This means that for
a few overheats to affect creep-rupture life of turbine parts signifi- V
cantly a stress sufficient to use up a significant amount of creep-
rupture life must be present during the overheats. In the absence of
such stresses, damage from a few overheats must arise from some other
factor such as thermal shock or accelerated corrosion. This is the same
as the general previous findings for S-816 and HS-31 alloys, except that
a significant amount of damage could be introduced into these alloys by
one overheat to 2,0000 F of 2-minute duration. For overheating alone
to reduce turbine life significantlyrepeated or prolonged overheating
must occur, unless the stress is high or temperatures of 2,000° F are
attained with S-816- and HS-31-alloy parts.

There are a number of limitations to the results and conclusions
which should be considered. The general trends of the effects, however,
are believed to be correct. In particular, care should be exercised in
concluding without further proof that all alloys strengthenedby the
alloying of titanium and aluminum will react in the same way as
M-252 alloy. It is also felt that the mechanism of the effects should
be better understood before too much generalizationwill be validated.
The experimental conditions were quite limited, particularly for tests
under stress during overheating. Also, more information is needed
regarding the influence of such metallurgical
ment and heat-to-heat differences.

INTRODUCTION

variables as heat treat-

An investigation was carried out to evaluate the effects of brief
overheats to temperatures of 1,650°, 1,800°, 1,900°, and 2)0000 F on the
creep-rupture properties at 1,500° F of M-252 alloy. The ob~ective of
the investigation was to obtain basic information on the changes in
creep-rupture properties of the alloy if it is exposed to overheating
of the type which might occur during ~et-engine operation. Two previous
reports on similar investigations for S-816 and HS-31 alloys have been
published (refs. 1 and 2).

The effects of overheating were evaluated in terms of the changes
in creep-rupture characteristicsat l,~” F under stresses within the
range of rupture strengths of the M-252 alloy for about &) to 1,000 hours.
The possible effect of overheating was considered to include internal
structural changes induced by exposure to the higher temperatures and
loss in life by creep if stress was present during the overheats. The
effect of temperature was evaluated by starting tests at 1,500° F and
then periodically overheating with the stress removed during the dver.
heat periods. Creep damage during the overheats was evaluated by leaving
stress on the specimens during the overheats. The experiments involving &
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overheating in the presence of stress were designed to check the feasi-
4 bility of computing damage by an “addability-of-life-fraction”rule.

This rule postulates that the rupture life at 1,500° F would be reduced
the same percentage as the percent of rupture life at the overheat tem-
perature represented by the total time under stress.

Overheat periods were predominately 2 minutes in duration and were
applied cyclically at approximately 5- or 12-hour intervals, depending
on the normal rupture time under the stress being used at 1,500° F.
These schedules were adopted to provide the most useful general results
after considerationby the Subcommittee on Power-Plant Materials of the
National Advisory Committee for Aeronautics of the variable conditions
under which overheating could occur in jet-engine service. It should
be clesrl.yrecognized that the intent was to develop general principles
and not to evaluate the specific conditions of overheating which can
occur in a specific jet engine. The investigation was also limited to
the effects of overheating on creep-rupture properties. The overheat
conditions did not include the effects of differential restrained expan-
sion (thermal shock) or the possible effects on such other properties
as fatigue strength and corrosion resistance.

L
Considerable difficulty was encountered in obtaining M-252 stock

for the investigation with sufficiently high rupture strength at
M l,nOO F to be acceptable as typical of the alloy. Several heats were

checked for normal rupture-test properties at 1,500° F and a few over-
heat tests conducted before approved material for the bulk of the investi-
gation was obtained.

The investigation was csrried out by the Engineering Research
Institute of the University of Michigan under the sponsorship and with
the financial assistance of the NACA. It was part of a general research
investigation studying metallurgical factors involved in the use of heat-
resistant alloys in aircraft propulsion systems.

PROCEDURE

Overheating can be e~ected to have two main effects on creep-
rupture life at some lower nomtnal temperature:

(1) A change in subsequent creep-rupture life because of the expos-
ure to higher temperature changing the internal structure of
the metal. This is designated “temperature effect” in sub-
sequent discussions.

(2) Accelerated creep when the temperature is increased in the
presence of stress, subsequently referred to as ‘Istressdamage.”
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In addition, the cyclic removal and reapplication of the stress
during the overheat e~eriments in the absence of stress could alter the k
creep-rupture characteristics. The influence of overheats could also be
expected to vary depending on the stress level and rupture time at the
nominal test temperature. In consideration of these factors the following
test program was established.

Evaluation of Test Material

The test material was evaluated as follows:

(1) Bar stock was suppliedby metiers of the NACA Subcommittee on
Power-Plant Materials for the experimental progrem. This stock was first
checked for creep-rupture strength at 1,~00° F to be sure that its prop-
erties were typical of the alloy. Five heats were checked before mater-
ial with sufficiently high strength to be typical was obtained.

Considerable concern over the level of strength developed when
stock with somewhat low rupture strength exhibited an increase in rup-
ture time at 1,500° F as a result of overheating in the absence of
stress. It seemed necessa~ to be sure that this effect was the direct “
result of overheating and not due to some part of the stock having low
initial rupture strength at 1,500° F. &

(2) Rupture properties were evaluated at the overheat temperatures
as well as at 1,500° F. This was done so that a measure of strength at
overheat temperatures would be available for checking the feasibility of
computing damage from overheats when stress was present. Various amounts
of this was done on low-strength heats, as well as on the normal-strength
heat finally selected for the bulk of the investigation,before the neces-
sity of using the high-strength material was recognized.

Determination of Temperature Effect From Overheating

in Absence of Stress

The ‘temperatureeffect was determined by overheating the specimens
in the absence of stress as follows:

(1) The basic measurement was the effect on the rupture time at
1,500° F of repeated cyclic overheats to 1.,6500,l,&)OO, 1,900°, and
2,000° F with the stresses at 1,500° F for most of the work selected to
cause rupture in a normal rupture test in &l or 49Q hours. The number
of overheats was varied by stopping overheats after various proportions
of the total rupture life had been expended.

#
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(2) In addition, the effect of cycling the load at 1,500° F was
studied.

Overheating in Presence of Stress to Establish Stress Damage

Stress damage caused by overheating the specimens in the presence
of stress was determined as follows:

(1) Consideration of the stress and rupture-time characteristics of
the alloy, as presented later, indicates that the stresses at 1,5000 F
used for the study of the effect of overheating in the absence of stress
would be so high as to either use up sm unduly large fraction of the
available life or actually be above the tensile strength if’maintained
during the overheats. Thus, only the overheating to 1,65Q0 F and a
limited amount at 1,8!)0°F was done under the stresses which were
employed at 1,500° F.

(2) For the tests overheated to the higher temperatures considered
in this investigation the stresses present during the overheats were
changed in order to evaluate the “addability-of-life-fraction”principle
postulated. The stress used at 1,500° F for most of these tests was
that causing rupture in 490 hours. The stresses selected for use during
the overheat cycles in the presence of stress were determined in the
following way:

(a) It was the intent of this part of the program to establish
test conditions which would permit the evaluation of the principle
of adding rupture-life fractions at the two temperatures used and
then to determine the way in which the effects of the overheat tem-
perature itself influenced the results obtained. To accomplish
this goal the stress levels were adjusted in such a way as to result
in the use of a significant smount of the available life at both
1,500° F and the overheat temperature. It was considered that the
loss of about 30 percent of the available life at the overheat tem-
perature would be significant.

(b) Under the stress normally causing rupture in 500 hours at
1,500° F, reducing the rupture life at 1,500° F by 30 percent would,
in the absence of any other effect, result in a rupture time of
about 35Q hours.

(c) Using a schedule of overheating twice a day, there would
be 29 overheats in 350 hours,
temperature of 58 minutes.

(d) For 58 minutes to be
the overheat temperature, the

with a total time at the overheat

30 percent of the available life at
stress selected for use during the

..
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overheats had to be that causing rupture in 58/0.3 or 193 minutes.
In most cases then this was the stress selected for overheating.
A few tests were run with the full stress remaining during the over-
heats to check on the effect of overheating under high stress.

The actual rupture times obtained under these conditions varied
depending on the effect of the temperature which was employed for the
overheats. Thus, the actual smount of the life which was used up at
the overheat tempemture varied from the aim amount of 30 percent. At
the end of each test, however, calculation could be made of the actual
fraction of the normal rupture life at the overheat temperature and
stress which was represented by the total time of overheating.

MATERIAL

Five heats of material were supplied for consideration in this pro-
gram. Three were air-melted heats and the other two had been melted in
vacuum. Table I shows the reported chemical composition of all the heats
and the source of the material, all of which was supplied gratis in the
form of bar stock.

Initially it was found that the standard heat treatment (4 hours
at 1,950° F, then ah-cooled, plus 15 hours at l)4CX)0F and air-cooled)
produced nonuniform grain size known to cause unpredictably variable
rupture properties. To avoid this difficulty and produce more uniform
material, the bar stock from all of the heats was hot-rolled to l/2-inch
broken-cornered squares at the University of btLchigan. The rolling was
done from 1,950° F with one or more reheats depending on the size of the
bars as received for all the heats except the Haynes Stellite vacuum-

melted heat HT-28. Initially this heat was also rolled at 1,950° F but
subsequent work indicated that higher strength was obtained if the rolling
was carried out from 2,150° F, and this condition of the material was used
for the main body of the overheat experiments.

The properties of all of the heats supplied are compared in a later
section.

EXPERDIENTAL TECHNIQUES

Testing Equipment

The creep-rupturetesting was carried out in conventionalbeam-loaded
creep-ruptureunits using specimens with a 0.250-inch diameter and l-inch



NACA TN 4224 7

gage length. Each ssmple was accurately measured before testing. Time-
elongation data were taken during the tests by the use of a modified
Martens-type optical extensometer with a sensitivity of &3.00001 inch.
The units were eq.dpped tith automatically controlled furnaces for
heating specimens. Temperature variations along the gage length were
held to t3° F. For all tests the furnaces were turned on and allowed
to come to temperature overnight. The specimens were then placed in the
hot furnace, brought on temperature, and loaded within a msximum of
4 hours.

For overheat tests, the conventional units were modified to permit
resistance heating of the specimens by passing heavy direct current
through the sample. A 400-smpere, direct-current generator was used as
a power supply. In order to avoid disturbing the specimen during the
test, insulated terminal blocks were fastened to the frame of the unit
level with the top and bottom of the fwnace. From these terminals,
short leads were fastened to the top and bottom specimen holders before
the test was started. Then, for overheating, it was necessary to attach
the power supply leads to only the terminal blocks, completing the cir-
cuit to the generator field switch. The top specimen holder was insulated
from the frame by means of a Transite insert. The whole circuit was
grounded either through the beam or through an attached ground wire. A
photograph of a unit is shown as figure 1.

In order to follow the temperature accurately during an overheat,
a welding technique (ref. 3) was employed to attach Chromel-Alumel thermo-
couples to the specimens and an electronic indicating potentiometer. A
schematic sketch of this arrangement is shown as figure 2. Temperature
measurement was complicated by two factors. In order to follow the
rapidly changing temperatures during an overheat cycle snd effect accu-
rate control, the thermocouple tires had to be welded to the sample.
This was done with a percussion-type welder. The welded attachment
maintained the thermocouple bead in contact with the specimen as reduc-
tion in cross section occurred by creep during the tests. In welding
the thermocouple wires on the specimen, however, any minute error in
positioning either wire caused the direct current from the generator to
impress an electromotive force on the thermocouple circuit. This electro-
motive force varied with the magdtude of the placement error and appeared
on the temperature indicator as a temperature effect. To avoid this, two
Alumel wires were employed, one deliberately placed on either side of the
single Chromel wire. By connecting these two Alumel wires to the extremes
of a variable resistance, the variable tap could be adjusted so that the
two electromotive forces obtained cancelled each other, leaving only the
thermal electromotive force impressed on the indicator.

Checks were made of the original calibration and the maintenance of
calibration of the thermocouples. The system used gave accurate
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temperature measurements as installed. The cyclic overheats did not
change the calibration by any more than 1° F at any of the temperatures.

Overheating Procedures

This investigation included three types of overheats: Overheats
before testing, overheats in the absence of stress, and overheats in the
presence of stress. Each type required a different procedure involving
the described equipment.

Overheats before testing.- Overheating before testing was carried
out in two ways, depending on the duration and temperature of overheating.
The procedures used were as follows:

(1) Tests overheatedto l,600° Ffor long time periods were loaded
in the creep furnace exactly as for a creep-rupture test. After being
brought on temperature at l,~OOo F, the furnace temperature was raised
rapidly to 1,6000 F, held for the desired time period, and then cooled
to 1,5000 F. The load was then applied and the test run to rupture.

(2) All samples overheated to 1,650°, 1,900°, and 2,0U0° F before
testing were prepared in the following manner. A thermocouple was
attached to each sample. A heat-treating furnace was brought on tem-
perature and held to assure equilibrium. The samples were then placed
in the furnace and the time counted from the point at which the tempera-
ture indicated by the attached couple reached 10° F below the desired
temperature. Following completion of the required time at temperature,
the specimens were removed from the furnace and air-cooled. They were
then set up and the test run as a standard creep-rupturetest.

Overheats in absence of stress.- All overheating done in the absence
of stress was of a cyclic nature where the described cycle was repeated
a predetermined number of times. For these tests the specimens were pre-
pared with a thermocouple welded at the center as described previously
and an additional thermocouple mechanically attached at each end of the
reduced section for checks on temperature distribution along the gage
length. They were placed in the creep furnace and started exactly as
in a normal creep-rupturetest at 1,500° F except that the short power
leads were attached to the specimen holders before stressing. Then,
after the completion of the desired time period under stress at 1,500° F
before the first overheat, the following procedure was followed in per-
forming an overheat:

(1) The temperature was checked and an elongation reading made. At
this time, the power leads frcm the generator were attached to the unit
and the welded thermocouple was connected to the indicating potentiometer.

*

.
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(2) The load was removed.
w

(3) After a 60-second time lapse during which
cut back and the thermocouple circuit checked, the
initiated by applying the maximum generator output

the furnace input was
heating cycle was
of 400 amperes to the

specimen. When the desired overheat temperature was attained, the genera-
tor output was reduced to a value just sufficient to maintain temperature.

(4) At the end of the established cycle duration, the power supply
was cut off and the specimen allowed to cool. No forced cooling was
employed other than that supplied by having allowed the furnace tempera-
ture to fall below 1,500° F when the input was reduced in step (3).

(5) The load was reapplied when the temperate reached 1,5100 F.
Because of the asymptotic approach of the specimen temperature to 1,500° F,
this temperature was difficult to establish while the time to reach
1,510° F was nearly constant. After reapplication of the load, the fur-
nace was manipulated to bring the temperature to l,~Oo F as soon as
possible.

(6) When temperature equilibrium was reestablished at 1,500° F,-..
elongation measurements were taken again and the test continued to the
next cycle. In plotting the time-elongation data, this reading after

-9 reapplication of the load was assumed to be at the same total deforma-
tion as the reading taken just prior to removal of the load at the
beginning of the cycle.

(7) ~ical time-teqerat~e patterns for overheats of 2 minutes to
each of the temperatures used sze shown in figure 3.

Overheats in the presence of stress.- Overheats in the presence of
stress were performed exactly as the ones where stress was absent during
overheats except that the load, or part of the load, was left on the
specimens. Deformation measurements were made before each cycle and
again after equilibrium was reestablished at 1,500° F to measure the
deformation which occurred during each overheat cycle.

Metallurgical Studies

As an aid in evaluating the cause of the measured effects of over-
heating, microstructural examination of the test samples was carried out.
Longitudinal sections of the fractured samples were cut from the gage
length at the fracture. These were mounted and mechanically polished.
The polished surface was then etched electrolytically and examined at
magnifications of 100 and 1,000 diameters.
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The test results definitely show that for M-252 alloy tested at
1,500° F the effect of overheating in the absence of stress depends on
the temperature at which overheating is carried out. Overheating from
1,500° F to temperatures up to l,@OO F can result in a reduction of
rupture life at 1,500° F, while overheating to temperatures Of 1,900° F
‘hnd2,000° F can result in a prolongation of rupture life.

},, When stress was present during an overheat to 1,900° or 2,000° F,
the results reflected a combination of the previously determined tempera-,.

,, .ture effects and the loss in rupture life resulting from the presence of
the stress during the overheat. For some conditions, therefore, the net
effect was an increase in life. When overheating was carried out in the
presence of stress to 1,6500 or l,@OO F, the test results were longer
than would be estimated from the anticipated effects of temperature and
stress.

Normal Rupture Properties of Experimental Materials

Rupture tests were conducted at 1,~0° F on the test material for
the following purposes:

(1) To establish curves of stress against rupture time so that
proper stresses could be selected for the overheat tests

(2) To establish the normal rupture-test performance so that the
effects of overheating could be evaluated

In addition, tests were conducted at overheat temperatures so that the
effect of stress during overheats could be evaluated.

When the results of the rupture tests on the first lot of stock
tested, heat 43@2, became available, it was evident that the rupture
strength at 1,500° F was considerablybelow normal (table 11 and fig. 4).
Because preliminary overheat tests indicated the surprising result that
no damage resulted from overheating in the absence of stress to l,gOOO F,
the NACA Subcommittee on Power-Plant Materials recommended that further
experiments on this stock be stopped and material with normal rupture
strength be obtained. This step was taken to avoid the possibility of
erroneous conclusions due to some side effect related to abnormally low
strength.

Three additional lots of bar stock, heats A-8133, 83’7,and A-9586,
were checked and found to have low strength (table 11 and fig. 4). These
were accordingly rejected from the experimentalprogram. -’w

1.
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At this point, stock froma vacuum heat, heat HT-28,was offered
w by the Haynes Stellite Co., which on the basis of their tests had some-

what higher strength than normal. This material was rerolled at the
University of Michigan and tested at 1,500° F. The rupture strengths
were found to be signiflcsmtly lower (table 111) than had been reported
by the Haynes Stellite Co. In checking the reasons for the discrepancy,
it was found that the material as tested by Haynes had been given a
“mill anneal” at 2,150° F prior to the standard solution treatment at
1,950° F. When the stock rolled at Michigan was treated the same way,
the strength values reportedby Haynes were reached (table III).

The original rolling at Michigan had been carried out with a heating
temperature of 1,950° F. The heating temperature was raised to 2,150° F
in view of the information covered in the previous paragraph and after
consultation with members of the NACA subcommittee. This raised the rup-
ture strength somewhat (table II) but did not give so high values as when
the 2,150° F mill anneal was used prior to solution treatment. It was
decided, however, to carry out the e~erimental overheat investigation
of M-252 alloy using material from heat Er-28 rerolled from 2,150° F at
Michigan without the mill anneal. This procedure was agreed upon with
the NACA subcommittee because the use of such preliminary high-temperature.
treatments was not standard practice in heat-treating blades for jet-
engine gas turbines. In addition, the strength properties were closer

. to average accepted properties for the alloys.

The disclosure of the rather pronounced effect of the high-
temperature treatment prior to the standard solution and aging treat-
ment on creep-rupture properties at 1,~0° F apparently was of consider-
able practical significance. It is also evident from the data that
conditions of hot-working had some effect on response to final heat
treatment. It is not known now to what degree these two factors were
responsible for the relatively low strength of the stock from the first
four heats checked for the investigation and how much was due to chemi-
cal composition and melting-practice effects. Heat 43642 had consider-
ably lower titanium and aluminum content than the other four heats
(table I). There does not, however, seem to be an obvious reason in
the reported analyses for the superiority of heat HT-28 over the other
three heats. Vacuum-melted heat 837 was stronger than the three air-
melted heats (fig. 4) but was still considerably weaker than heat HT-28.
It seems most probable that all factors were involved but that a major
factor was the influence of working conditions on response to heat
treatment.

As discussed in the section entitled “Procedure,” the stock was

.

rerolled at the University of Michigan with the intent of producing
material with highly reproducible rupture times between specimens.
While this procedure was quite successful for S-816 (ref. 1) it was not

. so successful for M-252 alloy. The rupture data at 1,500° F for
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heats HL28 and 43642 have been shown in figure 5 to “showthe range in
rupture times at the stresses used for overheat experiments. These repre- .
sent from 75 to 130 percent of the average rupture life at either of the
two stresses used for heat HT-28 and from 70 to 115 percent at the stress
used for heat 43642.

The results of the rupture tests conducted at the overheat tempera-
tures for heat HL28 are given in table II”and are shown graphically by
figure 6. A few tests also conducted on heat 43642 gave the results
included in table 11. The number of tests conducted on heat H!IL28at
the higher temperatures was far less than would have been desirable.
The limited amount of stock available, however, prevented more testing.
The rupture times were rather short because the stresses used during the
overheat tests under stress were selected to cause significant damage
during the brief overheat exposure and thus were relatively high.

This

Overheats on Heat HT-28

The major portion of the program was carried out on heat HT-28.
included overheating in the absence of stress both cyclically

throughout the test and as a preheat to the overheat temperatures-before ‘
testing as well as overheating in the presence of stress cyclically during
the test. w

Overheating in absence of stress,- Overheats to 1,650°, 1,800°,
1,900°, and 2,000° F were conducted in the absence of stress. Stresses
of both 24,OOO psi (stress for rupture in 490 hours

A
and 34,000 pSi

(stress for rupture in &) hours) were used at 1,~0 F. In all of these
tests the load was removed and the specimen overheated for 2 minutes,
cooled back to 1,~0° F, and reloaded every 12 hours for the tests under
24,OOO pSi. For the 34,000-psi tests the overheats were applied every
5 hours. Tests on the material exposed to the overheat temperatures
before testing were all run at 34,000 psi at 1,500° F. Load cycling
without temperature change at 1,500° F was also studied to determine
how much effect the removal and reapplication of the load had on rup-
ture time.

In addition to the changes in rupture time due to overheating,
information was obtained on its effect on elongation in the rupture tests,
on the creep curves, and on hardness as follows:

Effect on rupture life at 1,500° F of overheating in the absence
of stress: The data (table IV and fig. 7) show that when the stress was
removed from M-252 alloy during a rupture test at l,~O” F and the speci-
men briefly heated to higher temperatures, cooled back to 1,500° F, and
restressed the resultant effect was dependent on the temperature to which
the overheating was carried out and to some extent on stress which was .



NACA TN 4224 13

present at 1,~0° F between the overheats. Figure 7 is drawn to show the
estimated average effect of the overheating as indicated by the available
data. The curves as drawn are extended to the limiting line which repre-
sents the maximum number of overheats which could be obtained at my time
using the fixed cycles which were employed. Since the results are plotted
here in terms of the percentage of normal life represented by a given test
result, three lines are shown to account for inherent scatter in the rup-
ture data. These lines represent the rate of accumulation of overheat
cycles for minimum-, average-, and maximum-stren@h material indicated
by figure 5 as various percentages of its life are attained. The curves
which represent the effect of overheating on rupture the ~e thus termi-
nated as they reach these limiting lines.

The followl.ngeffects are indicated in figure 7:

(1) Overheating to 1,650° or 1,800° F resulted In a decrease in life
which became greater as the amount of overheating increased. This decrease
was of approximately the same order of magnitude at both of the two
stresses used when the results were considered on a percentage basis.
One sample at each of the two stresses appeared to show some increase in
life as a result of the overheating. This was shown for the test which
received the maximum nuniberof overheats to 1,650° F under a stress of
34,000 psi at l,~” F and for the test which received the maximum number
of overheats to 1,800° F under a stress of 24,ooO psi at 1,500° F. Con-
sideration of the creep data from these two tests, however, indicated
that these two points may be the result of abnormally strong specimens,
and it is not believed that they indicate a reverse in the trend of the
data as a result of prolonged overheating.

(2) Overheating cyclically to 1,900° or 2,000° F resulted in every
case in an increase in life. The precentage increase was greater for
those tests which were run at 34,000 psi than for those which were run
at 24,OOO psi. The actual difference at the two stress levels was not
great by comparison with the magnitude of the effect itself. The differ-
ence may reflect less benefit from overheating in tests at lower stress
and longer time, or some influence of the cycle frequency which was
employed, or a combination of the two. The amount of increase in life
which resulted from overheating to these temperatures was greater as the
amount of overheating was increased, and appeared to continue to increase
with further overheats over the entire range of overheat times considered.

(3) One wayto appreciate the ~@tude of the effect of overheating
is to consider the change in rupture strengths at l,~” F indicated by
the data. Figure 8 shows the curves of stress against rupture time drawn
from results of the overheat tests for the maximum extrapolated effects
(i.e., for tests continuously overheatedto rupture) compared with the
normal curve at 1,500° F for heat HT-28. The plotted points represent
the maximum average effect of overheating to 1,6500 or l,&20° F where



14 NACA TN 4224

overheating resulted in damage and the maximum average effect of over.
heating to 1,900° or 2,000° F where overheating resulted in an improve. u
ment in rupture life. These curves were obtained from figure 7 by extra-
polation of the indicated curves to the maximum number of overheats which
could be obtained with the cycles employed. These curves indicate the
following values of rupture strengths for the conditions outlined above:

Stress for rupture, psi,
Overheat at 1,500° F, in. -

temperature,
% (a)

100 hr 1,000 hr

None 33,000 21,000

1,650 or I,&)o 29,500 19,000

1,900 or 2,000 40,000 24,000
b *

%ese stresses assume a total of 20 2-reinoverheats with 100-hr
rupture stress and 83 2-reinoverheats with 1,000-hr tests, according
to the cycles outlined above.

These are the maximum effects indicated. Lesser amounts of over-
heating would change the strength less. Consideration of these rupture
strengths is perhaps more realistic than consideration of the rupture
times which are subject to much wider variations. It should also be
recognized that the frequency of overheating could influence the results,
and the above values are for the specific conditions used in the tests.

(l+)The data obtained on material preheated to the overheat tempera-
&es and then rupture-tested in a normal fashion at 34,000 psi and 125000 F
are presented in table V and are plotted for comparison in figure 7. The
preheat times selected were accumulated times at the overheat temperatures
which had given substantial effects in the cyclic overheats. All of these
tests resulted in rupture times shorter than that for a normal rupture
test at the same stress and temperature, with the higher temperatures of
preheating resulting in the shortest times. It had been previously noted
that cyclic overheating for the sane total times at 1,900° and 2,000° F
resulted in an increase in life compared with that for a normal rupture
test. This indicates that for thestrengthening effect to occur, the
overheating must be applied in fairly small increments with some inter-
val of time at 1,5000 F under stress between cycles.

.

(5) In all of the above cyclic tests, the load was removed during
the overheats, Introducing the possibility that the cycling of the stress -

.



NACA TN 4224 15

alone could have had an effect on the rupture the. One test was run at
1,500° F and 24,OOO psi in which the load was removed and reapplied+at
1,900° F without changing the temperature at the same frequency as in
the cyclic overheats at this stress. The rupture time obtained of
382 hours was 78 percent of the normal time at this stress (table IV
and fig. 7). This 1s at the lower edge of the scatter band and may
possibly indicate that there was some reduction in rupture life from
the load cycling.

Effect on elongation of overheating in the absence of stress:
Measurements of total-elongation at fracture are included in tables III
and IV for each condition of overheating. F@ure 9 shows these data
for cyclic overheating In the absence of stress and for preheating. The
following generalities are indicated:

(1) Overheating to 1,650° F at either of the two stresses used gave
elongation values in the range of values for normal rupture tests.

(2) Overheating to any of the other three temperatures resulted in
a decrease in elongation as the amount of overheating increased, with
the values being definitely lower than the scatter band for normal rup-
ture tests. This decrease in ductility occurred at shorter times of
overheating for overheats to l,&)OO F than it did for tests at the two
higher temperatures.

(3) Of the three tests which were preheated, one fell just above
the normal range, and the other two were In the range.

(4) Although the load cycling at 1,700° F may have resulted in a
slight decrease in the rupture time, it did not affect the elongation.

Effect on creep curves of overheating in the absence of stress:
Creep data were taken for all tests. The time-elongation plots of these -
data are presented in figures 10 and 11. In these figures the points
noted in the key as overheats represent the measurements taken before
and after one overheat cycle. Points noted as standard creep readings
are routine measurements taken when overheats were not being applied.
In evaluating the data from these curves consideration must be.given to
the apparent variation between samples which seems to exist. The fol-
lowing generalities were developed after a critical evaluation of each
curve when it was considered relative to the other curves from tests
under similar conditions. Ideally, of course, all of the curves for a
given overheat temperature should be identical up to the point at which
the overheating was discontinued. Some deviation from this situation
is to be expected in any case, but when the magnitude of the difference
becomes large, allowance must be made in evaluating their significance.
On this basis then the following comments may be made about these creep
curves:
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(1) Load cyclingat l,700°F (fig. 10) resulted ina creep curve
with a higher creep rate than did the normal creep test at the same
stress. The difference in rate between these two tests is somewhat mar-
ginal in its significance. The two curves do not differ by more than
could be expscted for duplicate tests because of vmiation between sam-
ples and do not indicate definitely that there was a significant effect
from the load cycling.

(2) The creep curves from tests run at 24,OOO psi and overheated
twice a day In the absence of stress (figs. n(a) to n(d)) indicate the
following general trends:

(a) Overheating to 1,6500 or 1,800° F resulted in an immediate
increase in the creep rate. This increase continued so that the
curves remained above that for a normal creep test. Because of the
Incompleteness of the data, the effect of discontinuing the over-
heating is not well established.

(b) Overheating to 1,900° or 2,000° F resulted in a higher
creep rate in the early portion of the test than was shown by a
normal creep test. This rate, however, remained essentially the .
same while the rate in the normal test increased with time. Thus,
after about 200 hours of testing, the test on the specimen which
had been overheated showed less total deformation than the normal .
curve. When overheating to these two temperatures was discontinued,
the creep curve continued at approximately the same rate as it had
shown during the overheats and gradually exhibited an increase in
creep rate over that shown for a test which was continuously over-
heated, approaching the rate for a normal creep test at the same
total deformation. Apparently both of these temperatures influ-
enced the creep curves in the same way.

(3) Tests run at 34,000 PSi on sP@ci~ns overheated every 5 hours
in the absence of stress produced the following effects on the creep
curves (figs. n(e) to n(h)) as a result of the overheating:

(a) Overheating to 1,6500 or 1,&lOO F resulted in an increase
in the creep rate over that for a normal creep test with the effect
being the same for both temperatures of overheating. The limited
data also indicate that when overheating was discontinued, the
creep rate decreased to a lower value.

(b) Overheating to either 1,900° or 2,000° F initially
increased the creep rate over that for the normal test. As was
the case for the tests under 24,000 PSI, however, this creep rate
continued at a newly constant value while the rate in the normal
test increased. This resulted in a crossing of the curves at about
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30 hours. Beyond this
less total deformation

17

time the test on the overheated specimen showed
at any given time than did the normal test.

(4) The above generalities regarding the effect of overheating on
the creep curves were made after a consideration of all of the curves at
each overheat temperature. In some instances individual curves deviated
from the generalpattern and were excluded from consideration. Previous
mention has been made regarding the rupture times resulting from these
tests.

In particular, the sample under 34,000 psi at 1,700° F which received
18 overheats to 1,650° F, (fig. n(e)) and that under 24 000 psi at
1,500° F which received 42 cycles to 1,800° F (fig. ll(b~) appeared to
be abnormally creep resistant. Both showed creep rates much lower than
any of the other tests at the same testing conditions.

(5) Preheating to the overheat temperatures and then testing at
34,000 PSi (fig. 12) gave creep curves which were in every case higher
than the normal curve. The deviation of these curves from that of the
normal test became greater as the preheat temperature increased.

Effect on the time to reach a given total deformation of overheating
in absence of stress: Figure 13 shows the time to reach a given total
deformation as a function of the overheat temperature for tests on speci-
mens overheated in the absence of stress twice a day with 24,000 psi pres-
ent at 1,500° F. These curves were compiled from estimates of the best
average curve at each overheat temperature using the data from fig.
ures n(a) to n(d) as a guide. The following points may be noted from
figure 13:

(1) Every deformation considered was reached sooner when the load
was cycled at 1,500° F than it was in the normal creep test.

(2) The time to reach any total deformation decreased further as
the temperature of overheating increased up to 1,800° F. The times for
1,650° and 1,800° F overheating were the same, however, at 4 or
6 percent.

(3) Overheating to 1,900° F increased the time to attain all of the
values of deformation over that which was shown at 1,800° F. At 1 per-
cent the time was about the same as that for a normal creep test, while
at 2 percent and higher values it became longer than for the normal test.

(4) Overheating to 2,000° F caused a reversionto shorter times for
low deformation (up to about 4 percent). The time to reach 1 percent
was shorter than that for the normal test. At 6 percent the the was
the same for 1,900° and 2,000° F. This reflects the fact that the creep
curves for these two overheat temperatures cross each other at about
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6-percent total deformation. It should be kept in mind that this figure
is specifically indicative only of results obtained using the cycles .

employed for these tests, that is, one overheat twice a day from the
start of the test in the absence of stress, with the stress at 1,500° F
being 24,oOO psi.

Effect on hardness of overheating in the absence of stress: Vickers
hardness was measured on several of the specimens which had been used in
the various portions of the investigation. The results of these measure-
ments (fig. 14) indicate the following things:

(1) Hardness of samples after normal rupture-testing indicated a
decrease in hardness as the testing temperature increased to 1)9000 F,
with the test at 2,000° F giving a hardness equivalent to that obtained
from testing at 1,~0° F.

(2) The samples suhjectedto overheating showed that those condi-
tions resulting in a decrease in rupture time produced little change in
hardness over the samples rupture-tested at 1,500° F. When testing con-
ditions resulted in an increase in strength, the hardness was lower than
that of the 1,500° F rupture tests.

Overheating in presence of stress.- The purpose of overheating in
the presence of stress was to determine If the postulated relationship
between the effect of temperature and stress could be used to account

.

for the actual rupture times obtained. Although the amount of testing
was rather limited, the entire temperature range of the investigation
was covered (table VI). The general approach was to determine if the
calculated amount of rupture life used up by creep at the overheat tem-
perature plus the effect of the overheat temperature itself would account
for the e~erimental rupture times. Proof or disproof of this possibil-
ity was thought to be the best way to develop general principles from
the relatively few tests possible within the limitations of the program.
The following considerationswere investigated:

Correlation between predicted and actual rupture time for tests of
specimens overheated under stress: It was postulated that the rupture
time for overheating in the presence of stress would be changed from
that of a normal rupture test at l,XOO F by the sum of two effects:

(1) The change due to exposure to the higher temperatures as estab-
lished by figure 7.

(2) The reduction of rupture time tobe ewected from the creep due
to the presence of stress during the overheat. This was estimated as
the fraction of life used up at the overheat temperature and was calcu-
lated by dividing the total time under stress at the overheat tempera-
ture by the normal rupture time under stress at the overheat temperature -

.
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as determined from figure 5. The total time at the overheat temperature
was obtained by summing the number of 2-minute overheats which were
applied.

The data for the tests with stress present during the overheats are
given in table VI. Using the data of figures 6 and 7, predicted ruPt~e
times were computed for the tests to check on the postulated method of
estimating the effects of overheats in the presence of stress. The
details of the calculations will be presented later. The results of the
calculations (table VII) show that the actual rupture times were much
longer at 1,650° and l,&)OO F than was estimated. When overheating was
carried out to 1,9000 and 2,0000 F, the estimated and actual values were
in very close agreement.

The anomalies for overheating to 1,650° and 1,800° F are reflected
in two ways. Calculations of the number of possible overheats, taking
into account the variation in normal rupture time between specimens at
l,xOO F (fig. 5), gave numbers which were less than the nuniberof over-
heats actually imposed on the specimens, even though overheating was
actually discontinued before fracture. In addition, the actual times
were longer than the theoretical maximum time for specimens with the
highest strength indicated by f@ure 5.

The average normal rupture time at 1,500° F for the 24,000-psi stress
used in the tests was 485 hours. Thus in all tests except those over-
heated to 1,6500 F there was a significant increase in rupture time from
overheating even though a substantial stress was present during the over-
heats. This is a rather striking effect. If, for instance, the on~
effect involved had been the rupture life used at the overheat tempera-
ture, the rupture time would have been reduced as follows:

Overheat conditions
Rupture life

Expected

Total remaining

remper-
used at over-No=l r“ptme time at Mat condi- rupture time

atue Stress, time at over- at 1 500° F
overheat tions, percent and 24’OOO psi,

%’
psi heat stress,

hr
stress, )

L

I,650 24,000 9.2 60 11 432
30,000 2.9 50 29 345

1,800 8,000 5.2 g 25 364
10,000 1.6 62 M4

1,900 5,000 9.0 110 20 388

2,000 4,(X)O 4.5 66 24 369
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It is to be clearly understood that if sufficientlyhigh stresses had
been used during the overheats, the creep dsmage could be ~de to Pre-
dominate and to reduce rupture life. The maximum effect of this t~e
would be when the stress exceeded the tensile strength and caused frac-
ture during the first overheat.

These values indicate that some factor associated with the overheat
temperatures increased rupture life by offsetting the creep damage due
to stress during the overheats. This was somewhat less than the creep
damage in the overheats at 1,6500 F and more than the creep damage at
the other three temperatures. This was not unexpected for overheating
at 1,900° and 2,000° F because the preceding discussion had shown that
cyclic exposure to these overheat temperatures Increased rupture life
at lj5000 F. The increases in life made by heating to 1,650° and
1,800° F were, however, unexpected. Overheating in the absence of stress
had shown reduction in rupture time at 1,500° F. Both the temperature
and the stress effects had been expected to contribute to reduced life.

This means that the effects of overheating at 1,650° to 1,800° F
cannot be estimated on the basis of the hypothesis advanced. Apparently,
rupture times will be longer than would have been anticipated. Unidenti-
fied additional factors must have been introduced by overheating in the
presence of stress in this temperature range. The hypothesis advanced
seems, however, to work very well for overheating at 1,900° to 2,000° F,
which suggests that no additional factors were involved at these
temperatures.

The following possibilities are suggested as reasons contributing
to the lack of predictability for tests overheated in the presence of
stress at I_,6500to 1,800° F:

(1) It maybe that the rupture time at these temperatures is con-
siderably different when heated from 1,500° F in a few seconds than when
4 to 5 hours are used for temperature adjustment before loading as is
the procedure for the normal rupture tests.

(2) The prior exposure to stress at 1,~“ F and the temperature
effects of overheating increased strength at 1,6500 and 1,~0° F by
structural alterations over that of as-heat-treated specimens.

(3) Data scatter maysimply be obscuring the results. !LTLiSseems
unlikely, however, because the inherent strength of the sPeciuns used
for the overheats at l,&)OO F would have to be far higher than indicated
by my of the data to account for the observed results.

(4) It is also considered unlikely that the presence of stress
during the overheats changed the temperature effect of overheating from
reduced to increased rupture life at 1,500° F. .

#



NACA TN 4224 21

.

.

Method of calculation of estimated rupture times: The postulated
effects of overheating under stress can be expressed by the following
formula:

to = %(% - %)

where

to time to rupture for overheating in presence of stress

tn normal rupture time at l,nOO F

ft rupture time for overheating with stress removed divided by tn

fs time at overheat temperature under stress divided by normal
rupture time at overheat temperature under stress

It should be noted that the term (ft - fs) represents the fractional
reduction in rupture time to be expected. The values for ft axe

obtained from figure 7 as decimal fractions. The values of f~ are

obtained by summing the time at the overheat temperature and dividing
by the expected rupture time for the stress as defined by figure 5.

TWO types of calculations of expected performance were carried out
as follows:

(1) The theoretical maximum amount of overheating was calculated for
test conditions if overheating was continued to rupture. This required
a trial-and-error solution. A number of cycles was assumed and the ft
and f~ factors computed. This assumed number of cycles was adjusted
until the number of cycles agreed with those theoretically possible under
the fixed schedules used. This was done for the minimum, average, and
maximum rupture times at l,mOO F as defined by figure 5 so that the
range of significance would be established. This procedure then indi-
cated the range In the amount of overheating which could have occurred
if the postulated mechanism was valid. In addition, it gave rupture
times which would be expected for the conditions.

The test results (table VII) showed that when overheating was
carried out at 1,650° and 1,800° F a larger nuniberof overheats was
actually imposed than was theoretically possible under the postulated
basis for calculation. This occurred even though overheating was stopped
before rupture. This simply means that factors other than those con-
sidered operated at these temperatures.
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(2) For the tests at l,$100°and2,0000F, overheating was stopped
before fracture and before the theoretical number of possible overheats
had been imposed. Therefore, in order to calculate the predicted rup-
ture time, values of ft for the actual number of overheats were

obtained from figure 7 for average test material and similar calculations
of the value of fa were made. The close agreement between predicted

and actual rupture times for average material indicated that calculated
values based on the range in strength were not necessary to demonstrate
that the hypothesis held for those tests.

In evaluating the method of calculating predicted life, care should
be taken to appreciate clearly the assumptions and limitations involved.
The more important of these are:

(1) The basic assumption was that the effect of overheats under
stress was the direct sum of the structural change effects from tempera-
ture and the effects of creep at the overheat temperature.

(2) The creep damage from successive 2-minute overheats was assumed
to be cumulative and directly additive. .

(5) Until more extensive studies ere available to check the effect,
it cannot be assumed that the effects are independent of the cyclic
schedule of overheating. This schedule was twice a day. The tempera-

ti

ture effects as well as the addability of accumulative time under stress
at the overheat temperature might be different for other schedules of
overheating.

(4) In computing the effect of temperature during the overheats from
figure 7, smy variation due to specimen variation was ignored. Only the
average curves were used. The data were not sufficiently complete to
warrant any attempt to take this into considerationalthough the data do
indicate that it may have been a considerable factor. It would not, how-
ever, be enough to account for the disagreement between calculated and
actual values for the overheats to 1,6500 and 1,800° F.

(.5)It was ass~d that the effect of temperature during overheats
would have the same percentage effect independent of variation in the
initial stren@h of specimens. In other words, the same values from
figure 7 were used for computing the change in rupture times for speci-
mens with minimum, average, and maximum strengths within the observed
ranges.

(6) The normal rupture data in figure 5 were obtained on specimens
which were brought to the testing temperature and held 4 hours before
applying the stress. It is possible that the rapid heating rates used
in the overheat tests resulted in an available rupture life at the
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overheat temperatures which was longer than that indicated by figure 5.
. This would not, however, account for the entire discrepancy since this

effect would merely be to decrease the amount of the stress damage and
could not, in any case, result in an actual rupture time greater than
the normal time.

Effect on creep curves of overheating in presence of stress: The
creep curves for the tests overheated in the presence of stress (fig. 15)
indicate the following results:

(1) Overheating to 1,6500 F resulted in curves which eihibited higher
creep rates throughout their life than the normal curve at the same stress.
The degree of acceleration was the more the higher the stress.

(2) Overheating under stress to 1,&lOO F appeared to result in a
strengthening of the material so that, even in the presence of stress,
the creep curve did not attain so high a rate as did the curve from a
normal creep test. The sample which carried the higher load during the
overheating showed the higher overall creep rate of the two tests run.

(3) Overheat-to 1,900° or 2,000° Fresulted in the creep curves,-
shown in figure 15(b). Although the effect of the stress which was pres.
ent during the overheats was to cause deformation during each overheat

* cycle, the creep curves show a lower creep rate after several cycles than
the normal curve for a test under the same stress at 1,~0° F. These
curves also show that there is an increase in the amount of deformation
during each overheat cycle as the amount of prior deformation was
increased.

Microstructural effects.- Ssmples representing most of the test con-
ditions employed in this investigation were examined microscopically. A
careful review of the structures resulting from the overheating, as
observed with the optical microscope, revealed that the apparent struc-
ture after any of the testing conditions was essentially the same. That
is, the light microscope was unable to detect any significant difference
in the structures of the overheat samples as compared to those resulting
from specimens simply rupture-tested at 1,500° F for comparable times.
A few of the structures are shown (figs. 16 and 17) to point out the
similarity of structures for widely divergent overheat conditions and
effects on properties from overheats.

Overheats on Heats 837 and 43~2

A few overheat tests were conducted on specimens from heats 43642
and 837 prior to the time it was decided not to use them for the bulk of
the experimental program.
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Overheats in absence of stress.- One specimen from heat 43642, sub-
jected to load cycling at l,5000F, indicated a possible considerable .

reduction in rupture time (table IV). Another specimen indicated practi-
cally no change in rupture time (table IV) as the result of overheating
to 1,900° F with the load removed during the overheat periods. There
apparently was considerablevariability in rupture time at 1,500° F
between specimens from this heat for stresses of about 14,000 psi (fig. 4).
It is therefore doubtful that much significance should be attached to
the exact values of rupture time for the tests with cyclic loads and
overheats to 1,900° F. It does appear, however, that the results are
of the same type as those for the more extensive tests discussed for
heat HT-28: (1) There was some reduction In rupture strength from load
cycling alone at 1,500° F, and (2) there was a probable increase in life
at 1,500° F from overheating to 1,900° F with the load removed. Within
the data scatter indicated in figure 4, both tests could have checked
the results previously given for heat ET-28 on a percentage basis. Cer-
tainly, on the basis of the limited experimental data, it could not be
concluded that there was much effect from overheat tests normally lasting
L,200 hours at 1,~0° F when compared with those run on heat HT-28 using
shorter normal rupture times.

One test of a sample from heat 837 cyclically overheated to 1,900° F
.

with the stress removed showed an increase in rupture time which was
somewhat less than had been previously obtained on heat HT-28(table IV). “
It is uncertain whether or not this one test showing a smaller effect
than heat HT-28significantly indicates a difference in the response to
overheating. More tests would be required to be sure. It should also
be noticed that this heat had a comparatively steep stress-rupture time
curve (fig. 4) in comparison with those of heat H!r-28or the other
materials tested.

Duplicate tests on specimens from heat &36&2 involving heating for
h hours at l,600° Fbefore testing (table V) showed at most a slight
reduction in rupture time. This is similar to the effect found for
20 minutes of preheating to 1,6500 F for heat RT-28 (table V).

Overheats of heat 43642 in presence of stress.- Five tests were
conducted using heat 43642. Three of these tests were on specimens
overheated to 1,600° F for 2 hours in one cycle. One specimen was over-
heated during first-stage creep (after 142 hours at 1,500° F), and the
other two, after second-stage creep had been well in progress (after
404 and 456 hours at 1,500° F) . The results (table VI) showed little
change for two of the tests. The other test (overheatedafter 404 hours
at 1,~0° F) indicated a pronounced reduction of life. Data are not
available to estimate the effect of temperature for the 2 hours at
1,6ooo F on subsequent rupture life at l,XOO F, except that it was prob-
ably small. The 2 hours at 1,6ooo F under the stress used were so small
a part of the total available rupture life that their effect on time at

4
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1,500° F was negligible. It now appears that the two tests indicating
little effect are probably correct and the specimen which broke pre-
maturely was probably subject to some unrecognized experimental error
or was related to the rather excessive scatter in rupture time indicated
by figure 4 for specimens from this heat.

The test on specimens overheated to 1,800° F lasted less time than
anticipated. It should be recognized, however, that, because the normal
rupture time at 1,800° F was so short, only a small error in the normal
rupture time would be required to cause this difference. Only one rup-
ture test was run at 1,800° F. This probably was slightly long and there-
fore led to a longer predicted life than was available as could easily
be the case for material with as much scatter in rupture time as for
this heat. The data from f@ure 7 indicate that any effect of tempera-
ture alone from two overheats to 1,8000 F was negligible.

The test on the specimen overheated to 1,900° F was under such a
high stress that it was near to the tensile strength at 1,900° F and
used up all of the rupture life very rapidly. The total time at 1,9000 F
in the overheat test agrees very well with the predicted rupture time
at 1,9000 F as determined in a normal rupture test.

Comparative Effects of Overheating on S-816, HS-31,

8.ndM-252A11OYS

From the viewpoint of probable response to overheating, M-252 alloy
is basically different from either S-816 or HS-31 alloy. The latter two
alloys are cobalt-base materials which appear to be essentially dependent
for variation in high-temperature strength on the degree of solution of
alloying elements having odd-sized atoms. The major precipitates which
form during aging or testing, M4C and M6C types of compounds, probably

reduce strength by removing odd-sized atoms from solution. M-252, on the
other hand, is a nickel-base alloy hardened with titanium and aluminum.
It contains the complex Ni3(Al,Ti) precipitates and presumably depends

largely for its strength on the presence and distribution of these pre-
cipitates. Thus it would seem likely that the responses of these two
types of material to overheating would dtffer.

For the purpose of comparison of the three alloys, the results of
overheating in the absence of stress from the previous work on S-816
(ref. 1) and HS-31 (ref. 2) have been replotted together with the results
of the present investigation. Consideration of this figure (fig. 18)
indicates the following general effects:

.
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(1) Overheating to 1,6500F In the absence of stress (figs. 18(a)
and 18(b)) appeared to damage M-252 the most. Small amounts of over- .

heating may have slightly increased the life of S-816 and HS-31 alloys.
Both of the latter two alloys showed a fall off in rupture strengbh with
continued overheating.

(2) Overheatingto l,800° Fat the higher of the two stresses used
for each alloy gave approximately the same effect for all three when the
results are considered on a percentage basis. Damage occurred and was
greater the longer the duration of the overheats. At the lower of the
two stresses, the effect of a few overheats was essentially the same.
The rate of damage for S-816 and HS-31 alloys was greater, however, and
at the longer times of overheating the M-252 showed less damage than
either of the other two materials.

(3) At temperatures of 1,900° and 2,000° F, the amount of damage
became very large for S-816 and HS-31 alloys even for relatively short
times of overheating. On the other hand, the M-252 alloy showed an
increase in rupture life as overheating was carried out to these tempera-
tures with the increase becoming greater as longer times of overheating
were employed. It should be recognized that these comparisons are pre-
sented on a basis of the percentage of the normal rupture life under the
stresses which were employed, and do not accurately reflect the actual
relative load-carrying ability of the three materials. Thus, even
though M-252 showed the most damage of the three alloys when overheated
to 1,650° F, its superior strength at high stresses would result in
maintenance of its superiority at short rupture times, if all materials
were considered on the basis of the same stress. Of major significance
in this comparison is the fact that M-252 alloy showed an increase in
strength after overheating to 1,900° or 2,000° F whereas the other two
materials suffered their most severe damage at these two temperatures.

When overheating occurred in the presence of stress, creep damage
was added to the effect of temperature on the properties at 1,~0° F.
The combination of these two effects on M-252 alloy resulted In less
reduction in life at 1,500° F than would be anticipated from rupture
strengths at the overheat temperatures. S-816 and HS-31 alloys both
were reduced more in strength than the percentage of rupture life repre-
sented by the time at the overheat temperature. Thus, the major dif-
ference between M-252 alloy and S-816 or HS-31 alloys was the increase
in life of M-252 from the temperature effect while the lives of the
latter two alloys were reduced.

The governing factor in the relative ability of the three alloys
to withstand overheating under stress was the combined effect of tem-
perature during overheating on properties at l,wO” F and the amount of
creep-rupture life used up during the overheat period. The temperature

.

.
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effects have previously been discussed. The creep-rupture damage depends
on the relative creep-rupture strengths at the overheat temperature for
the stress existing.

The curves of stress against rupture time for the three alloys at
the overheat temperatures used in this Investigation are compared in
figure 19. The M-252 material tended to have higher strength under high
stresses and short times for rupture. This superiority decreased with
increasing time for rupture and increasing temperature, so that its rup-
ture strength was generally inferior to that of the other two alloys at
1,900° and 2,000° F. The HS-31 mterial had better stren@h than the
other two alloys for the longer times and higher temperatures of heating.

The relative ability to withstand overheating in the presence of
stress for the three alloys then was dependent on the time and tempera-
ture of overheating and the stress present. In general terms it can be
stated that:

(1) At relatively low temperatures of overheating with high stresses,
M-252 alloy shouldbe most resistant because of its relatively high rup-
ture strength under these conditions. Also the temperature effect will
be small and the relative rupture strengths under the overheat conditions
will be the governing factor.

If the stresses are lower and overheating much longer, then the
higher rupture strength of the other alloys under these conditions should
become the governing factor and reduce the difference and even develop
superiority for the other alloys.

In this connection, however, it must be considered that the over-
heat tests on M-252 alloy at 1,650° and l,&)OO F under stress showed
less damage than was anticipated. Until more data involving this anom-
aly are available, it cannot be said with certainty that M-252 alloy
would become inferior even for long-time overheating with relatively
low stress.

(2) The lowered rupture strength of M-252 alloy with increasing
temperature, particularly in comparison with that of HS-31 alloy, is
offset by the increased life from the temperature effect. The increase
in life at 1,500° F from the temperature effect of overheating pre-
dominates for overheating to 1,900° and 2,000° F until the time under
stress during overheating uses up a substantial pert of the total life.
Thus M-252 becomes inferior at these temperatures only when overheating
times sxe long or when stresses are high.

The lower rupture strength of S-816 alloy in comparison with that
of HS-31 alloy is partly offset by the smaller temperature-damage effect.
Again, therefore, it becomes inferior when the creep damage becomes the
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predominate factor, that is, at high temperatures and longer times of
overheating in relation to the total possible time under stress at the
overheat temperature.

Two sets of figures have been prepared to illustrate the relative
abilities of the tku?eealloys to withstand Overheating in the presence
of stress as indicated by references 1 and 2 and from this investigation.
These figures show the combined effect of the temperature cycling and
the stress which is present during the overheat and were prepared using
the averages of all of the effects involved as Indicated by the available
data as follows:

(1) Figure 20 shows the rupture time as a function of the stress
during the overheats for specific times of overheating to each of the
four temperatures considered. The basis selected for comparison was a
500-hour rupture test at 1,500° F for all three alloys. The stress at
l,~” F was, therefore, that causing rupture in 700 hours in a normal
1,500° rupture test. The intersection of the plotted curves with the
zero-stress axis represents the effect of temperature alone as previously
determined. Those cases where this intercept is greater than 500 hours
result from overheat conditions which caused an increase in rupture life.
The dashed line at which all of the curves terminate represents the
restriction imposed by the fixed cycling schedule under which the pre-
vious data were accumulated (two overheats of 2-minute duration twice
a day). That 1s, for example, a curve representing the effect of 40
minutes of overheating cannot drop below the time required to accumulate
20 overheat cycles, or 24o hours. This dashed line thus represents the
locus of all points resulting from imposing the maximum possible number
of overheats before rupture occurred.

.

.

All of the curves shown were calculated using the same procedures
outlined in the section “Overheating in the presence of stress.” Since
the proposed method of calculation did not work for M-252 alloy at 1,650°
and l,&lOO F, as previously discussed, no curves are shown for these con-
ditions. Only the few actual data points are included.

(2) The curves in figure 21 are taken directly from figure 20 and
regrouped for specific overheat times to provide an easier comparison
of the three alloys.

Consideration of these figures indicates good agreement with the
generalities previously postulated from the effects of overheating in
the absence of stress and the comparative curves of stress against rup-
ture time at the overheat temperatures.

It should be kept in mind with reference to these figures and the
above generalities concerning them that the data from which they were
drawn contain rather specific limitations. Only one heat of ~terial

.
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with one heat treatment was considered
differences occw they could influence

29

for each alloy and as heat-to-heat
the relative effects of any given.

condition of overheat-tig. Furthermore, the particular schedule of over-
heating which was considered may influence the magnitude of the tempera-
ture effects. The data on which the calculations were based were all
taken with overheats twice a day beginning at the start of the test. A
change in cycle frequency or duration, or a delay of the initial cycle,
may influence test results. In addition, since the curves of stress
against rupture time for these three alloys are not parallel, the relative
strengths at 1,500° F are a function of the ru@ure time which was chosen
for coqarison. At 500 hours, the time period chosen above, by coinci-
dence both M-252 and ES-31 had the same strengkh at 1,~0° F and were
both stronger than S-816. At shorter times, the M-252 would have been
strongest, while for longer times HS-31 would predominate.

The generalities presented, then, are specifically valid only for
the particular conditions under which they were evaluated, and care should
be exercised in applying the data except in their general form.

Mechanism of Damage From Overheating
.

The overall effect of an overheat appears to consist of two com-
ponents: (1) The effect of the structural alterations as a result of.
being exposed to the higher temperatures; and (2) the rate at which creep.
rupture life is used up when stress is present during an overheat.

The damage due to the presence of stress during an overheat appears
to be simply a case of using up the available rupture life by creep. The
reasonable success of the addability of rupture-life fractions indicates
that there is no great difference in the mechanismby which creep life is
used up over the overheat temperature range considered in the investigation.

The mechanism for temperature effects is less certain. It is most
certainly related in some way to structural alterations induced by the
overheat temperature during the periodic exposures. Since the optical
microscopy used in this work did not reveal any differences in the struc-
tures of the various samples after rupture had occurred, at this time
only a postulation of the possible mechanism can be made. Presumably,
the amount, size, and distribution of the Ni3(Al,Ti) Precipitates are

the controlling factors in the strength of the alloy. If the precipitate
is taken into solution completely and then aged to an optiu dispersion
the best properties are obtained. As testing is carried out in the range
from 1,400° to 1,600° F these precipitates will agglomerate and overage,
thus reducing their effectiveness In strengthening the material. This
accounts for the steep slope shown by
ture time for this type of material.

.

the curves of stress against rup-
That is, as lower stresses are used

.
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.

which permit longer testing times, the overaging becomes more severe
and the material becomes weaker than that on which the entire life of a
shorter test was obtained.

.

The results of the present investigation are very likely related to
this effect. Overheating in the absence of stress to temperatures up
to 1,800° F w have resulted in an acceleration of the overaging and
reduced the strength of the material at a higher rate than simple testing
at 1,500° F. The higher temperature overheats on the other hand could
then redissolve the precipitates to an extent sufficient to reduce the
overaging reaction which normally occurs at 1,5000 F. Since the duration
of the overheat cycles was the same for all of the temperatures used,
overheating to 2,000° F was able to redissolve more of the material in
the fixed time than the overheats to 1,900° F.

The presence of stress during overheats to 1,6500 and 1,800° F may
have reduced the overaging from overheating. It is possible that at
1,800° F some re-solution actually occurred.

It may be, therefore, that the effect of overheating on M-252 alloy
is dependent on the relation of the overheat temperature to the solution ~
temperature of the precipitates which are present. If conditions are
such that severe agglomeration of the particles can be prevented, the
material can actually show properties which are better than those for

I

the same material considered in a normal stress-rupturetest. This pro-
.

posed mechanism is, however, at this stage purely hypothetical, and fur-
ther work will be required to determine its exact nature.

Interpretation of Results in Terms of Overheating in a Turbine

The most striking feature of the experiments was the indication that
overheating during service could prolong the creep-rupture life of
M-252 alloy. There are, however, certain aspects of this finding which
should be clearly understood:

(1) Overheats to temperatures from l,650°to 2,000° F had relatively
little effect on M-252 alloy when applied periodically during rupture
tests at 1,500° F unless repeated a considerable number of times. The
only exception to this was the case where stress was present and was of
sufficient magnitude to use up significant amounts of creep-rupture life
in a few overheats.

(2) In order to obtain a significant increase in rupture life lhom
periodic overheats to l,~” or 2,000° F, overheating for a number of
times during the life of the turbine would be necessary. The stress
present during overheats would also have to be low enough so that the
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creep-rupture life used up during the overheats would not offset the
increasein life from the temperature effect.

(3) The increase in rupture life from overheating to 1,900° and
2,000d F would be accompanied by reduced total creep only when the over-
heating was repeated a number of times. Creep was accelerated from a few
overheats. Under the overheating conditions of the experiments, reduced
creep from repeated overheating to 1,900° F was found only after the
total deformation was 1 percent and more than k percent when overheated
to 2,000° F.

(4) The conibinedeffects of temperature and stress during overheats
to 1,650° and 1,800° F would be less than anticipated tiom the separate
evaluations of the two effects. Apparently some stress present during
such overheats reduces damage from the temperature effect and under cer-
tain conditions of repeated overheating would prolong life in the turbine.

(5) Overheating before service to any of the temperatures considered
will be damaging to service life in M-252-alloy psrts. Experiments indi-
cated that heating before testing to the same temperatures and total times
that resulted in improvement in rupture life in cyclic tests always
decreased the rupture time below that for a normal rupture test.

The results support the general conclusions of the two previous
studies (refs. 1 and 2) that a few brief overheats during turbine life
have very little effect on prospective creep-rupture life of turbine
parts, unless stress high in relation to the ~pture stren@h at the
overheat temperatures is present. This suggests that, in general,
significant effects on turbine performance from one or two overheats
must arise from other effects, such as thermal shock or increased cor-
rosion. There is one major exception to this in that s-81_6and
HS-31 alloys were significantly reduced in rupture life from one over-
heat to 2,000° F for 2 minutes (figs. 18(g) and 18(h)).

In contrast with the results for M-252 alloy, both temperature and
stress during overheating can always be expected to reduce creep-rupture
life of turbine parts for alloys of the type of S-816 and HS-31. As
preciously discussed the effects will be quite small, except for over-
heating to 2,000° F for S-816 and HS-31 alloys, unless an appreciable
number of overheats should occur. Repeated overheating of M-252 alloy
to 1,900° and 2,000° F tends to increase rupture time whereas it will
further reduce rupture life of the other two alloys. In the presence of
stress, the improvement from this source also apparently occurs in
M-252 alloy for overheating to I,6x0 and l,@OO F.

It should also be noted that overheating can influence only the life
after overheating occurs. Thus if some significant part of the life had.
been used up at normal operating conditions, such as 50 percent, only the
remaining potential 50 percent could be affected. Thus the overall effect

.
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would be less than is indicated by this report which was based on tests
overheated periodically from the start of the tests.

The estimation of the effects of overheating on the creep-rupture
life of turbine parts is a fairly complex problem, as is demonstrated by
the extensive interpretationsnecess~ for this report. The report
presents general concepts which should be useful for this purpose. Care-
ful attention to detail is necessary, however, to obtain precise evalua-
tions. While the general principles outlined seem valid, the estimation
of the exact effects in any particular
severe limitations as discussed in the

Limitations of

case is subject to some rather
next section.

Results

Certain limitations of the results in terms of the generalities
concerning effects of overheating should be clearly recognized:

(1) Fixed schedules of overheating were used. The indicated general
effects of overheating might be considerably altered for some other sched-
ules. In particular, more information would be desirable for the case
where overheating was delayed after the tests started at lj~OO F. This
type of information is very meager for a limited number of overheats.

.

(2) More information ought tobe available regarding the effect of
the duration of each overheat. As it now stands only 2-minute overheats
have been studied. It seems reasonable to expect that there will be
some point where the number of overheats as well as the total time of
overheating will exert an effect on creep-ruptureproperties.

(3) Only the effect on creep-rupture characteristicsat l,5000F
has been studied. Eefore the general principles are applied too widely
it would be well to know how properties at other temperatures are
affected. This possibly should also include effects when the stress at
the normal service temperature was somewhat lower (i.e., longer rupture
times than 500 to 1,000 hours).

(4) The data on the effect of stress during overheats are very
limited. Considerably more data, particularly for M-252 alloy, are
needed before the general method of computing combined effects is proven.
Quite probably, wider investigation of this subject would show other
deviations than the one found for M-252 alloy when overheated to 1,65oo
and 1,800° F under stress.

(5) Reference to figure 3 showstht during each overheat cycle
there was a certain amount of time during the heating and cooling por-
tions of the cycle that the test sample was between 1,~0° F and the
overheat temperature. The measurements made on the effects of

.
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temperature alone, however, in every case include whatever influence this
time exerted. Similarly, since the cycles were identical, the effect of
temperature alone during an overheat in the presence of stress could be
accurately evaluated from the previous data taken in the absence of stress.
The one possible source of error was that the presence of the stress used
during the overheats in this heating and cooling time may have introduced
an error in the calculation of the amount of life used up by creep during
each cycle. Consideration of the curves of stress against rupture time
at these temperatures (fig. 5) together with the actual amount of time
the sample was in a given temperature interval (fig. 3), however, indi-
cated that the rapid increase in strength of the alloy with decreasing
temperature renders this total quantity negligibly small. Consequently,
it was not considered in the calculations of the expected effects of
overheating in the presence of stress. If slower cooling rates had been
considered, this effect could have been substantial and in such a case
should be included in the estimation of creep life expended by an
overheat.

(6) While it is believed that the general trends of the effects of
overheating will remain the same for other heat treatments of the alloys

. and for other heats, it seems quite probable that the ma~itude of the
effects could be quite different. More information Is needed on this
point.

(7) ~ view of metallurgical similarity, there IS considerable
temptation to assume that other alloys with Ti and Al as the ma~or
strengthening alloying elements would react to overheating in the same
general way as M-252 alloy does. Eefore acceptance, however, this
should be checked on other alloys, particularly those with wide varia-
tions in the other ma~or alloying elements.

(8) The studies concerning the meckism of the effects of over-
heating have been very superficial. The generalities of the findings
for all three alloys considered will be doubtful until the mechanisms
are understood. It seems, therefore, that this sub~ect should receive
considerable immediate attention.

CONCLUSIONS

The folloting results and conclusions were derived from an investi-
gation of overheating M-252 alloy to temperatures of 1,6500, l,8000,
1,9000, and 2,C00° F during the course of rupture tests at l,xOo F:

1. Periodic 2-minute overheats
stantially increase rupture time of

. a sufficient number of times during

.

to 1,900° or 2,000° F can very sub-
M-252 alloy at l,nOO F if repeated
the course of the test. Thus, for
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such overheating to be damaging to rupture life at 1,500° F, a stress
sufficiently high to use up a significantproportion of the total rUp-
ture life must be present during the overheats. Even a significant
amount of creep damage can be offset during repeated overheating by the
increase in rupture time from the temperature effect.

2. When M-252 alloy is overheated to 1,6500 and l,&)Oo F in the
absence of stress, the rupture life at 1,500° F is reduced. In the pres-
ence of stress, however, the dsmage is much less than would be antici-
pated due to some unidentified effect and there probably is a strength-
ening effect. Consequently, if stress is present, it must be high enough
to use up a substantial amount of the rupture life if M-252alloy is to
be significantly damaged.

3. Heating to the overheat te?qperaturesbefore testing cannot be
used to evaluate the effects of repeated brief overheats during a test
at 1,500° F because such treatments reduce strength at l,nOO F.

4. Estimation of the effect of overheats on creep-ruptureproperties
at normal temperatures requires the experimental establishment of the
effects of temperature. There does not appear to be a method of esti-
mating this effec% from commonly available data. Once this effect is
established it can be added to the creep dsmage due to the presence of
stress during the overheats to estimate the conkdned effect. The creep
damage apparently can be closely approximated as a percentage of life
used up from the ratio of the sum of the times of overheating to the
total rupture time under the existing stress at the overheat temperature.
The only exception to this conclusion found to date was for M-252 alloy
overheated to 1,6500 and l,&)OO F when the damage was less than the com-
puted value. This apparently resulted from a reversal of the effect of
temperature as determined in the absence of stress due to the presence
of stress during the overheats.

.

.

5. There was no significant effect of a few overheats onM-252 alloy
to any of the temperatures considered due to the small change per over-
heat unless the stress was sufficiently high to use up a significant
amount of the rupture life.

6. While overheating can increase the rupture life ofM-252 alloy,
it almost always reduced the rupture life of S-816 and HS-S1 alloys at
1,500° F. Like M-252 alloy, overheating of S-816 and HS-31 alloy must
be repeated a number of times to have a significant effect, unless a
high stress is present, except for 2,000° F. These two alloys underwent
a substantial loss in strength at 1,500° F from even one 2-minute over-
heat to 2,000° F.

7. Overheating in a turbine would have to
times or greatly prolonged beyond 2 minutes to

be repeated a nuniberof
alter significantlythe .

.
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creep-rupture
HS-31 alloys.
stress during
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life at 1,500° F of parts made from M-252, S-816, or
The exceptions include the presence of a relatively high
overheating or overheating S-816 and HS-31 alloys to

2,000° F. with these ex~eptions, therefore, damage from a few brief
overheats must arise from some other source, such as thermal shock or
increased corrosion.

8. There are a nuniberof fairly serious limitations on these con-
clusions imposed by the limited number of conditions of overheating
studied, the absence of determination of effects of heat treatment con-
ditions and heat-to-heat variations, ~ the uncertainty of the mech-
anism of the effects. In particular, the fidication of @rovement or
lack of damage in M-252 alloy should not be accepted as characteristic
of other alloys strengthenedby titanium and aluminum without further
proof.

9. The general qualitative effects established for M-252 alloy and
those previously established for S-816 and HS-31 alloys are considered
reliable. The magnitude of the effects quite probably varies with the
metallurgical variables.

10. Several heats of M-252 alloy checked for this investigation
were found to have quite different rupture strengths at l,~” F. It
was found that an anneal at 2,150° F prior to standard heat treatment
considerably increased rupture strength of one heat at 1,~0° F. Further-
more, a considerable difference in stren@h WM fo~d between material
rolled from 2,1x0 F and the S= material rolled from 1~950° F“

University of Michigan,
Ann Arbor, Mich., Ju~ 31, 1956.

.
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TABLE I.- CBEMICAL ccwcmmm OF mm OF M-252 WY

Supplier and
Composition, weight percent

heat number c Mu Si s P Cr NI co MO !ly Al Fe

CLlegheny Ludlum 0.19 1.09 0.74 ----- ----- 19.16 54.X) 9.81 10.87 2.01 0.39 1.55

Stiel Corp., h@+2

Joiversal-Cyclops .13 1.30 .60 ----- ----- 20.00 52.12 10.70 9.92 2.65 .90 1.69
Steel Corp., A8133

ieneralElectric Co. .16 .82 .60 ----- ----- 18.70 54.15 9.70 10.00 2.71 .96 2.20
vacuuuimelt, 857

Joiversal+clups .16 1.19 .80 0.004 0.014 1.8.7354.03 10.26 9.58 2.62 1.05 1.$
Steel Corp.
A-9586

Iaym?sStelliteco. .12 .10 .35 .007 .002 19.22 54.38 9.73 10.18 2.4o 1.12 2.40
WUIRII tilt, HT-28
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TAHLEII.- SlRE9S MD ROFluRE-TIMXDATAFURHEATSOF M-252 A.UOY

.

Heat Temperature, Stress, Rupture time,
‘F

Elongation, Reduction of
psi h percent area, wrcent

4X42 1,~ X2,353 I,732 49
13,%0 1,448 i:
14,m“ 1,W9 % 45

1,385
1,034 2 ;;
1,121 28

14,* 636 44 g
15,410 606 52 44
16,950 k% 51 47
18,460 279
19,470 245 :; 2
20,4g 193 55 %
21,530 155 46 52

1,600 14,000 w 52 w

1,800 14,000 .25 5= 98

1,$03 14,mo .036 108 81

A-8133 1,PO 17,000 183 20
21.,000 114 20 z
27,0C0 40 13 13

537 l,~o 15,c00 645 47 58
20,000 252 36
25,ccJo 1% 39 H
30,030

$
36 49
38 48

34,000 38 2 $

A-g% 1,yxl 25,000 83 23
30,m b;: (~ 21

27

CHT-28 1, ~o 20,0c0 672 30 59
29,000 12J 20 56
35,000 31

k5 51 2

%T-28 1,~o 21,000 736 61 62
24,OW 574 39 61

4y3 55
26,.wo 356 ;2 59

318 40 %
30,000 208 43
34,c.Oo 105

82 :;
2

41
78

79
35,mo v 26 K

1,630 24,0C0 9.2 46
y3,000 2.9 43 2:

l,ml 8,030 5.2 112 99
12,cm .63
24,W0 =.CQ u %

l,D 4,000 34.3 78 99

2,000 4,0c0 4.5 125 98

@ecfmen demsgedin removi
mat A-95% rolled at .2 I.# Y ‘oMers”

~Fhat HT-28rolled at 1, ;Xo F.”
HeatHT-28rolled at 2, l~” F.

‘This stress Is above teneile strength at 1,800° F.

.

.

.
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TABLE III

39

INFLUENCE OF MILL ANNEAL AND ROLLING TEMPERATURE ON

RUPTURE-TEST PROPERTIES OF M-252-ALLOY

STOCK FROM BEAT Er-28

[Test conditions: 11,~0° F and 35,000-psi stress

Rupture Elongation,
Reduction

Treatment
time, hr percent in 1 in.

of exea,
percent

Rolled, heat-treated, and tested 138.0 39.0 44.2
by Haynes Stellite Co.; heat lu.6 54.0 47.6
treatment: Mill anneal 1 hr
at 2,150° F, air-cooled plus
4 hr at 1,950° lj’,air-cooled
plus aged 15 kc at 1,400° F

Rolled and heat-treated by 163.7 30.0 42.0
Haynes Stellite Co.; heat 157.2 24.o 45.0
treatment: Mill anneal 1 hr
at 2,1~0 F, air-cooled plus
4 hr at 1,950° F, air-cooled
plus aged 15 hr at 1,400° F;
samples tested by Univ. of
Mich.

Stock rerolled at Mich. from 46.o 31.0 35.0
1,950° F plus 4 hr at 1,950° F, 45.0 51.0 37.0
air-cooled and aged 15 hr at
1,400° F, air-cooled

Stock rerolled at Mich. from 161.6 41.0 40.0
1,950° F plus mill anneal 1 hr
at 2,150° F, air-cooled plus
4 hr at 1,950° F, air-cooled,
and aged 15 hr at 1,400° F,
air-cooled

5tock rerolled at Mich. from 71.0 26.0 24.0
2,150° F plus 4 hr at 1,950° F,
air-cooled and aged 15 hr at
1,400° F, air-cooled
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WIN
.

CYCLICOVERHMTS IN ABSENCEOF

STRESSFOR M-252ALLOY

[Eachoverheatwas for 2 mid

Overhea
$$

Ihuiberof
Rupturetime

Heat Elongation, Reductionof
-., overheats HI’ Percent percent area,psrcent

485-hrrupturestressof 24,000psi; overheatsevery12 hr

%-28 %,500 31 3& 79 43 62

1,650 16 245
8

a
466 2 E 59

l,eoo k 549 113 15
20 391 81

53
w 62

20 283 58 25 51

l,gocl 64 871 179 13
29

50
747 1!s4 33 59

2,000 &l 191 33
30 %

58
145 40 61

f!O-hr rupturehtremof 34,0Q3 psi;overheatsevery5 hr

%?-28 1,650 18 85 lC% 49
11 55 69 ;:
7 51 64 28 :

1,W 10 66 22
9 ?; &l

27
25

68
37

5 85 38 52

1,~ 30 l& 227 23 45
15 137 172 35 53

2,000 30 21.1 263 16
15 171 214 25 2i

1200-hrrupturestressof 14,030psi; overheatsevery12 hr

43642 %, Wo 72 EY53 72 30 36

1, goo 98 1,172 98 25 28

l15Ar rupture stress of 24,000 psi; overheats every 5 hr

837 1,900 36 l& 158
I

32 38

%eat ET-28 rolled frLnn2,1500F.

%mdcycledat l,500°F.
.



41

TABLE V

TESTS OF PREHEATED SPECIMENS OF M-252 AILOY

Preheat conditions Rupture time

Zest
Elongation, Reduction of

TemP., Time,
%?

m Percent percent area, percent
min

Tests run at 34,0CKlpsi; rupture time, 80 hr

YI?-28 I,650 20 70 87 45 55

1,900 60 62 78 50 56

2,000 60 63 79 38 42

Tests run at 14,000 psi; rupture time, 1,200 hr

b3642 I,600 24o 869 72 40 43

24o 1,232 103 32 46

.
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TABLE VI

O~HIIATS UND~ LOD FoR M-252AmoY

T

Overheat
conditions

No. of
Rupture

Elongation,
Reduction

Heat time, of area,
Temp., Stress, cycles

hr
percent

%
percent

psi

All tests run under 24,o00 psi at l,xoo F with
2-reinoverheat cycles every 12 hr

%-28 1,650 24,000 30 392 34
30,000 23 3&) 31 Z

1,800 8,000 39 590 31 54
10,000 30 462 50 57

1,900 5,000 50 749 37 56

2,000 4,000 33 603 32 49

All tests run under 14,000 psi at 1,500° F
with overheat cycles as indicated

43642 1,600 14,000 bl 673 31 42

14,000 c1 1,043 38 49

14,000 dl 1,286 49 45

I,800 14,000 ‘4 25.2 31 78

l,goo 14,000 ‘1.1 10.0 37 80

aHeat ET-28rolled at 2,150° F.”

bSingle 2-hr cycle delayed to 404 hr.

cSingle 2-br cycle ,delayedto 142 hr.

%ingle 2-hr cycle delayed to 456 hr.

‘Test cycled every 5 hr. .
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L-57-4145
Figure l.- Photograph showing creep-ruptureunit modified for use in

overheating by resistance heating.
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Figure 2.- Schematic wir~ diagram of system used for measurement of
temperature during overheats to avoid extraneous electromotive force
from heating current.
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Figure 20.- Effect of stress level present during periodic overheating
to various temperatures for indicated total accumulated times of
overheating on rupture time for M-252, HS-31, end S-816 alloys at
1,500° F. Curves of different times of overheating compsred for
single alloy. Curves calculated for overheats every W hours from
principle described in text on basis of a ruptme time of ~0 hours
in a normal l,~” F rupture test. Dashed line In each figure
represents minimum rupture time possible to accrue indicated total
overheat time using ftied cycle frequency above.
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Figure 20.. Continued.
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Figure 20.- Concluded.
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Figure 21. - Comparison of effect of stress level present during periodic overheating to various
temperatures for indicated total accumulated times of overheat@ on the rupture time for

M-252, ES-31, and S-816 aJloys at l,~O°F. Curves for different allnys compared for one
ttie of overheating. Curves calculated for owwheats every ~ hours from principle described
in text on basis of a rupture tine of ~ hours in a normal. l,’joo” F rupture test. Dashed
line in each figure represents minimm rupture tti possible to accrue indicated total over-
heat the using fixed cycle frequency above.
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